Introduction
Protein/lipid interactions are of fundamental importance for the function of biological mem branes, and their study therefore is one prime objective of many research efforts. From a bio physical point of view these studies have gained interest because techniques to isolate, characterize Abbreviations: LHCP, bacterial antenna protein B800-850 (light-harvesting chlorophyll-protein); DLPA, DL-a-dilaurylphosphatidic acid; DM PA, DL-a-dimyristoylphosphatidic acid; DMPE, DL-a-dimyristoylphosphatidylethanolamine; DLPC, DL-a-dilaurylphosphatidylcholine; DP-NBD-PE, DL-a-dipalmitoylnitrobenzoaxadiazolephosphatidylethanolamine; BChl, bacteriochlorophyll a\ LDAO, N,/V-dimethyldodecylamine-yV-oxide (lauryldimethylamine-N-oxide).
and reconstritute membrane proteins have been developed to a high degree. Thus systems with a rather well-defined structure can be designed. One biological system to which the above statements apply especially well is the bacterial photosyn thetic apparatus [1] [2] [3] . Its function depends on membrane organisation and can be studied by here are achievements of fluorescence microscopy applied to monolayers developed recently by our group [4, 14] . This technique enables us to control the growh of large crystalline domains of phos pholipids as has also been reported by two other groups [5, 6] . In this work fluorescence microscopy is applied to monitor the functional reconstitution of proteins into monolayers, to study protein/lipid and protein/protein interactions. On doing this we specialize in the antenna protein B800-850
(LHCP) and the reaction center of the photosyn- 
Experimental

Materials
Rps. sphaeroides 2.4.1. was grown anaerobically on Hutner's medium [7] . Reaction centers were prepared by a modification of the procedure of The water used was destilled and filtered (Milli es Millipore Corp., El Paso, TX, U.S.A.). The solvents used were reagent grade. It is well known that trace amounts (> 1 mol%) of amphiphatic impurities in the phospholipid monolayer seriously affect the pressure-area char acteristics in that the transition pressure is in creased and, at higher impurity concentrations, the phase transition disappears [10] . Therefore, to check the detergent influence, up to 20-fold the amount of LDAO applied in the protein experi ments was added to the phospholipid surface layer.
Protein reconstitution into phospholipid monolayers
This yielded an area increase of about 7% explain ing why in the experiments cited below the deter gent does not affect the pressure-area diagram [11] . This additionally proves that the concentra tion of detergent solubilized in the phospholipid layer is well below 1 mol%, but does not exclude the possibility of boundary detergent at the pro 
Fluorescence microscopy and spectroscopy
The fluorescence microscopic device was the one described elsewhere [12] . 
Results
Functional
DMPE.
In order to test how electrostatic inter action between the charged phospholipid head groups and the LHCP is involved in the findings reported in the previous subsection the uncharged phospholipid-matrix DMPE was tested for protein incorporation. Fig. 4 shows the π-Α data for com parison with Fig. 2 . Obviously, the onset of the phospholipid phase transition is much less de creased compared to the DLPA case. The area increase on protein incorporation yields similar values as the evaluation for DLPA.
In the fluid phase fluorescence microscopy again shows a homogeneous distribution. 
DLPC.
In a third set of experiments DLPC was tested as a matrix for protein incorporation. Like DMPE it is uncharged, but due to the short hydro 
Discussion
Functional reconstitution into monolayers
The new technique introduced is able to clarify some general questions connected with protein reconstitution into monolayers which are discussed subsequently in more detail. The conclusion that the fluorescence yield of the B800-850 protein depends on environment is supported from the fact that its value also varies by more than a factor of 3 for the protein in different detergent micelles [18] . Hence, even in cases where the pressure inside different micelles is not expected to vary too much the fluorescence properties are affected.
Homogeneous protein distribution.
To be able to conclude on the pigment environment inside the protein it is important to ask for the molecular mechanisms leading to a change in fluorescence yield. As the transition is electronically allowed, its transition dipole moment is not sensitively dependent on the environment of the fluorophore group [19] . This also holds for the dimer if the transition originates from the lower of the two energy levels that result from the electronic interaction of the monomer excited states [20, 21] . As this argument is valid in the present situation the transition dipole moment quite probably remains unaffected by a pressure change.
Hence we suppose either the energy transfer within LHCP or the rate of radiationless transitions is varied. The latter can be caused by freezing in or allowing a vibration to serve as a decay channel.
This possibility was discussed by Pearlstein [22] . The second effect, the removal of the liquid inclusions in the dendrites has been observed after addition of divalent ions and may thus be caused by the same mechanism [26] . These inclusions may be stabilized by electrostatic forces: as the molecu-82 lar density between liquid and solid phase differs, the charge density and thus the electric potential in the two phases differ [27] . 
Protein-protein interaction
The protein-protein interaction can in the pre This value is much larger than to be expected according to Förster's theory [28] for a statistical distribution of antenna and reaction center, where values near 5 nm would be reasonable, and indicates that LHCP aggregates are formed favouring energy transfer to the reaction center. LHCP aggregates are also discussed for other in vivo and in vitro systems [25] .
We indeed observed aggregates of antenna in electron microscopic experiments with monolayers transferred on a solid support (unpublished results).
Although these experiments will have to be elaborated more quantitatively they clearly show that reaction center can be additionally reconstituted into the surface layer. If dissolved in the subphase they would be diluted too much to effect energy transfer. A quantitative analysis of energy transfer is additionally promising as it also measures other intermolecular interactions like aggregation.
